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Abstract

A regional gravity survey of the Cuyuna Iron Range, 

Minnesota, was conducted during the summer of 1955 by the 

U. S. Geological Survey. It was believed that gravity data 

would aid in the understanding of the major structures of the 

range.

It was found that synclinal and steeply dipping struc 

tures produced positive gravity anomalies while anticlinal 

structures produced negative anomalies. This principle was 

noted in areas of well known geology and then applied to out 

lying areas of the district. The outstanding gravity feature 

is a narrow positive anomaly extending from south of Brainerd 

eastward through Aitkin, the axis of the anomaly being some 

what south of the South Range. This gives support to the 

theory that the Biwabik formation passes under the strati- 

graphically higher South Range member as a synclinal struc 

ture. However, this anomaly is also explained using one main 

iron formation and assuming an anticlinal structure between the 

North and South Ranges and a syncline between the South Range 

and Bay Lake. A large magnitude negative gravity anomaly north 

of Mille Lacs is postulated to result from an intrusive mass 

extending to the erosion surface. Aero-magnetics are used to 

strengthen the gravity interpretation.

The need is realized for additional regional gravity 

coverage to the east of the area included in this survey and 

a detailed gravity study of the area between the North and 

South Ranges.



Introduction

The object of this paper is to attempt to interpret the 

major geological structures of the Cuyuna Range, with emphasis 

on the area between the North Range and Mille Lacs Lake, by 

gravimetric means.

The field work, conducted during the summer of 1955, was 

under the direction of the U. S. Geological Survey. During the 

past several years the Survey has done considerable magnetic 

work, both air and ground, on the Cuyuna Range; and it was felt 

that gravity data would aid in its interpretation.

The gravity work, because/6f time limitations, was confined 

to the portion of the Cuyuna Range covered by the following U.S. 

Geological Survey 15* quadrangles: Brainerd, Oeerwood, Wealthwood, 

Aitkin, and Cuyuna. Traverses were also made in the vicinity of 

Dam Lake, 10 miles east of Aitkin, and to the Jenkins area, 25 

miles northwest of Crosby. The latter two traverses provided 

insufficient coverage to give a good picture of the major gravity 

trends and were not used in contouring the area.

Several mining companies on the Cuyuna Range have made use 

of detailed, local, gravity surveys to aid in the location of 

ore bodies, although no results of these projects have been made 

public. During the summer of 1955 Budd Adams of the University 

of Wisconsin conducted a regional gravity survey of an area 

comprising most of northeast Minnesota including a portion of 

the Cuyuna Range. Edward Theil, also of the University of 

Wisconsin, completed a gravity survey extending from the Bay- 

field Peninsula of Wisconsin to southwest Minnesota and Iowa. 

This work did not include the Cuyuna Range but did traverse a 

portion of the Lake Superior geosyncline.



Previous geophysical work on the Cuyuna Range has been 

confined mainly to magnetic prospecting. Iron ore was first 

located in this area in 1903 when Cuyler Adams drilled an area 

of maximum magnetic attraction near Deerwood. Iron formations 

had been indicated in the 1350*s by compass deflections. 

Aerial magnetic surveys have proved useful in tracing the major 

features. In 1955 the Geological Survey reflew the region at 

an altitude of 500 feet and with a line spacing of one quarter 

mile. When available, these maps should provide much detailed 

information. Experimental mapping, using resistivity and 

electromagnetic methods, has proved interesting and may warrant 

further work.

Gravity measurements on a regional scale seem very useful 

in interpreting the major structures although much more work is 

needed in the determination of formation densities. Many 

facies changes in the iron formation will make this a difficult 

task. Detailed surveys of high accuracy have proved useful in 

economic applications.



Physiography

The Cuyuna Iron Range is located in north central Minnesota 

extending some 65 miles northeasterly from Todd County, through 

Morrison and Crow Wing Counties, to central Aitkin County. The 

width of the band of iron formation varies, because of folding, 

from two to 12 miles. The majority of present mining activity 

is concentrated in the vicinity of Crosby and Ironton. The 

Cuyuna ore is generally transported by rail to Duluth, 100 miles 

to the east, for shipment to lower lake ports.

Topographically the Cuyuna Range is rather flat with maxi 

mum relief of 200 feet. A glacial moraine forms a series of 

hills northwest of Brainerd and, as the ice retreated to the 

northeast, glacial waters formed a series of smaller gravel 

ridges which stand above the flat, swampy, outwash plains. 

Studies of the glacial deposits by Zumberger (1952) indicates 

several advances of the ice. Although the Mississippi River 

closely parallels the range, drainage in the area is very in 

complete. The outcrops and the topographic ranges character 

istic of the other Lake Superior iron mining districts are 

lacking in the Cuyuna.

Mining and agriculture are the important industries of the 

district. The numerous lakes also make it a popular resort area. 

Logging operations have removed most of the heavy timber, leaving 

second growth hard and soft woods. The climate is temperate 

with warm summers and moderate to severe winters. The July 

mean temperature is 68 degrees, while the January mean is six 

degrees. Precipitation averages about 30 inches. Mining oper 

ations are halted during the winter months.



Geology

This brief discussion of the geology of the Cuyuna Range is 

summarised from Grout and Wolff (1955). This is the most recent 

and comprehensive publication covering the geology of the area.

The Cuyuna Range is believed to be a complex drag fold on the 

northwest limb of the Lake Superior geosyncline, the axis of the 

syncline being marked by intrusives south of Mi lie Lacs. The geol 

ogic section of east central Minnesota is as follows: 

Pleistocene

Recent alluvium 

Wisconsin till and outvash 

Pre-W.is.eonsin till and outvash 

Cretaceous

Sands, clays, and conglomerates, with fossils 

Cambrian

Upper Cambrian sandstone 

Precambrian 

Later

Keweenawan

Thick sandstone

Flows, intrusives, gabbros, and granites 

Thin sandstone 

Animikie

Igneous flows (?), sills, and dikes 

Virginia formation, argillite and slate 

Upper slates

South Range iron-bearing member 

Lower slates 

Biwabik iron formation

Pokegama formation, quartzite and slate 

Medial

Algoman granite 

Thomson formation

Slates and graywackes 

Local dolomites



larUsr
dranitea and gneisses 
<fcr»enstoz*s, schists

The geology of the Guyana Hang* mu»t be studisd from drill oore« and 

exposures in open pit ml as* a* there are no natural rook outcrops in th» 

area* Correlation within the Cuyu&a district it difficult bseeus* of 

rather gpEiplex structure and fsoies changes within the foraation members* 

Texture, sequence, thickness, and seg&etio bed* serve a« a baaie for oar- 

relation. The CtQrux* Range Is divided geographically, ty the Northern 

Paaifia Eailroa4« into a Horth Range and a South Rang*,

The Virginia, Biwabik, and Pok»gaa» fonrmtiotti of the Cxjytina are 

«orrelated tiirougfe the fiaily diatrlet with th* Meaabi aerie«« The wtin 

or fiivftbik iron formation of &* Coyuna Horth Range ia made up of four 

Mnber*i the tipper Slaty, 1695*2300 feet thick, the Upper Cherty, 80*165 

feet thick, th* Lewtr Slaty, 700*750 feet thiok, and the Lower Chcrty, 

100*150 feet felok* Ihit section la amch thicker than the Biwablk of th* 

Siemabi* Overlying the BlwaWk i» a elat» section over 5000 feet thiek, 

If the slatet did not oontain a 200 fotft thiokaeea of iron formation, the 

South Range member, they would oorrelate well with the Virginia formation 

of the Meaabi. There 1* ft poeiibility that there is only one ore horisoa 

and the Sooth Range Member in m r*appearao** of th* Biwabik. Hcfwever, the 

ofearsoter of the South Range nember differ* greatly from that of the 

Biwabik and it i« separated by thousand* of feet of barren slates from any 

other iron member* Ihe Biwabik of th* Ouyuxm and the Mssabi are underlain 

by the PokBgama fonaatioo, fuartcites and slatss varying in thickness from 

lass than 100 to greater than 350 feet.



The main producing area of the Cuyuna Range between Crosby 

and the Mississippi River consists of a series of complex folds 

and one or more faults. It is not the purpose of this paper to 

discuss the detailed structure of this area, but rather the more 

general structural features, especially those between the North 

Range and Mille Lacs.

South of the South Range, in the vicinity of Bay Lake, iron 

formation has been drilled that may represent the lower Slaty 

member of the Biwabik formation. Since the South Range member 

has been mapped as a tight syncline southeast of Brainerd, it 

would appear that the Biwabik, which dips steeply to the south 

near Crosby, passes under the South Range member to appear again 

near Bay Lake. Iron formation, again somewhat similar to the 

Biwabik, has been drilled in section 30, T.46M. - R.25W. north of 

Mille Lacs. Quartzite resembling that of Ore Pokegama formation 

outcrops east of Dam Lake, section 34, T.47N. - R.25W.

Granitic gneiss, tonalite, and quartz monzonite have been 

mapped (Woyski, 1949) south and east of Mille Lacs. Basic intrus 

ive* are known to occur with the iron formations of the North and 

South Range and in the vicinity of Dam Lake.

An alternate interpretation of the geology has been suggest 

ed by R. 6. Schmidt and C. E. Dutton of the U.S. Geological Survey 

In their opinion there is one main iron-formation that produces 

all but a few percent of the ore from the district. "The main 

iron-formation is a persistent layer that varies in thickness from 

leas than 100 feet to more than 500 feet. It is stratigraphically 

underlain by at least 2000 feet of light gray argillite and silt- 

stone and local lenses of quartzite near the upper contact. The 

strata younger than the main iron-formation are gray or black 

argillite, partly carbonaceous, partly ferruginous, and are tran 

sitional into lenses »f lean iron-formation at several horizons.



Because of the higher iron-content, the younger metasedintentary 

rocka have a higher specific gravity than those older than the 

main iron-formation. Tuffs and basaltic flows occur locally 

at the base of the younger metasedimentary rocks and possibly 

within the main iron-formation. The younger sequence is prob 

ably more than 2000 feet thick." (fe.G.Schmidt, oral communication)

9a



Instrumentation 

Gravity

Gravity measurements were made using a Worden gravimeter. 

The meter has a small dial constant of 0.03494 milligals per 

division and a large dial constant of 6.05 milligals per divi 

sion over the range used.

The Uorden meter is essentially a sensitive spring balance.

The same mass weighed at different locations will reflect any
has

change in the earth s gravity. Fused quartz, which^a low co 

efficient of expansion, high elasticity, and no magnetic sus 

ceptibility, is used in the spring system of the meter. The 

basic mass of the quartz moving system is about five milligrams. 

The meter is reasonably rugged as a result of this low mass and 

subsequent low moment of inertia and also the high elasticity 

of the system. The meter drift caused by fatigue in the system 

is low and in a positive direction, varying only slightly with 

temperature change.

Elevations

Elevations were obtained with a continuous recording micro- 

barograph, thermograph, and altimeter.

The continuous recording microbarograph, a null type 

aneroid barometer with a spring driven timing mechanism, will 

record a change in barometric pressure of 1/1000 inch of mercury 

which would correspond to an elevation change of one foot. The 

thermograph, also spring driven and continuous recording, records 

the temperature to - 1°P. Field temperature is checked at each 

station with a mercury thermometer.

10



The altimeter is basically an aneroid barometer but to 

eliminate lag, drift, and excessive friction in the system, 

and to increase sensitivity* it is constructed as a null or 

zero gauging instrument. The analogy of comparing the normal 

aneroid to a spring scale and the altimeter to an analytical 

balance will illustrate the principle of operation. The altim 

eter is calibrated in one foot divisions. It is temperature 

compensated and is calibrated for a temperature of 50 degrees 

F.

11



Flold operation* wero ooanscood on Joao 25 1 19SS t at Crotfey* Sinnasota. 

first few day* ware spoilt in gathering maps and bench nark descriptions

 ad la beoamiag familiar with tho area* Orarity traversee ware planned 

along north-eouth roads using a station spaaing of ooo mile, irlth oloaar

 paaias in ajoemalwi* araaa* Parallal trarer«*a wera to oa ran «T»ry two 

to threa ailaa« Duriac 1toa ooursa of tha aiiBaar9 howtwr, mai^r of thasa 

traTarcac had to bo altered baoauaa of road aonditlona*

lha ttiorobarograph and thanaograph iwra aat «p aach mortdng at a looa- 

tton ooncraniant to tha aito of flold oporatloao* Tha gra-riaatar «aa than 

road at a baao atatlea and tho lanrol bubble adjuatmant oheokad to Inaoro 

that tha total jraTi^r flold waa baing aoaourad* Aa baaa station*, the 

ooneroto purap baaa of fta abandoned gat station at tha oornar of highimy 

HO and 3rd Stroot 3W# Crosby, tho elaration of whiah vaa known from a 

Hlnnoaota Highway Copartaoat aurray^ and th* M oornsr of tho Aitkin 

Ooonty omart houaa adjaoo&t to ^ia ?  3* 0« 9« S* banoh mark woro choaan* 

Tho Oroaby baao atatioa vao tlad to gravity poadulm stations at Braiaord

and Qraad ftapido, Mlnnaaota, As a ohaok on tha TOluaa obtained^ two ata~
i,

Uoao whioh had baan o«<nxpi«d by Adaaa t whoso gravity valuss aro tiod to 

thiols, woro ooa«BiodU

Tha graTily baao was g«narally oooupiod thraa tlaas a day for drift 

oontrol* A station from oaoh day^s trararao was ra-ooxwpiad at a la tar 

dato as a ohaak. Tho aayt,yn» allowablo orror was 0*20 nilligals. Iho 

avarago arror was found to bo about 0*08 nilligals.

12



Elevations were obtained, during favorable weather, at the 

same time the station was occupied for a gravity observation. 

Elevation control was obtained by tying into bench marks and 

other points of known elevation during the day as well as making 

several checks back to the base station for drift control. 

Although the altimeter was temperature compensated, drift was 

sometimes rather erratic and excessive. Normal diurnal change 

in atmospheric pressure resulted in apparent changes in elevations 

of up to 100 feet. Local pressure variations also resulted in 

some erratic elevation ties. Maximum allowable error of closure 

was three feet. If tie and check station readings did not 

indicate this accuracy, the traverse was re-run at a later date.

13



^ Reduction of Data

Gravity

The observed gravity values include the effect of several 

factors which must be eliminated if they are to reflect changes 

in geologic structure. Corrections which must be applied are 

meter drift and tidal effects, elevation, latitude, and terrain.

Drift Correction. The drift correction includes the effect 

of mechanical drift in the meter system and tidal effects. The 

gravity base station is read at two to four hour intervals dur 

ing the day and the correction is made assuming linear drift 

between each check. The drift in the meter used for this survey 

was generally low and in a positive direction, averaging about 

0.03 milligals per hour.

Elevation Correction. If gravity values are to be compared, 

they must be reduced to a common datum. This is accomplished 

by the free air and the Bouguer correction. The free air cor 

rection compensates for the decrease in gravity with elevation 

without regard to the mass between the station and datum. This 

correction has been shown to be 0.09406 milligals per foot.

The effect of the mass between the station and the datum 

can be calculated by assuming some simple geometric form, such 

as a disk of infinite radius. The gravitational effect of such 

a mass can be shown to be Ag- 9 % ̂ "^ where d is the density 

of the material in the disk, <r the mean density of the earth, 

H the distance from station to datum, and R the radius of the 

earth. The Bouguer correction and free air correction are always 

of opposite sign.

In practice the two corrections are combined to give an 

elevation correction factor. This author assumed d to equal 

2.67 to give an elevation factor of 0.06 milligals per foot.

14



Latitude Correction. Gravity increases towards the poles 

because of the flattening of the earth at the poles and the 

earth's rotation. The gravity at any latitude, +, can be cal 

culated from the international gravity formula, g- 978.049(1 + 

0.0052885 8in2 *-0.0000059 sin 2*). The change of gravity in 

a north-south direction is found to be about 1.307 sin 2* milli- 

gals per mile.

As a reference latitude this author chose 46* 30* 00" which 

resulted in a correction of 1.305 milligals per mile. The 

correction value was assumed constant over the area covered by 

this survey. The correction values were obtained by scaling 

the distance from the reference latitude to the station on the 

U.S.G.S. topographic maps. Corrections are added to stations 

south of the reference latitude and subtracted from stations 

to the north.

Terrain Correction. In regions of rough topography a 

terrain correction must be applied. In the area covered by this 

survey and for the accuracy desired terrain corrections were not 

necessary.

The above corrections are added algebraically to the Ag 

values obtained by subtracting the corrected base reading from 

the station reading and multiplying by the dial constant. A 

constant may be added to these relative, arbitrary values to 

give the results in terms of absolute gravity.

15



of Oravity to Abaoluts Values  Traverses wers run froa 

Cro«by b*s« station to the gravl-ty pendstltai station* at Grand Rapids and 

Breinsrd, Stinnasota, and to Adaas' gravity stations in Crosby and Aitkin* 

th» Bouguer anonmliam in Grand H <pids and Sfcrainsrd ere given as -64 mill!* 

gftl* mud -28 ailligale r«»p«otiTely. Ad*ra« has given th» absolute grarity 

of his Crosby and Aitkin stations as 980.85762 gals and 980.66878 gals* 

Calculation of tha Boogusr gravity at these stttioas using ths intsrnfttional 

gravity fernuls g « 978.048 (l 4 0.0062884 sin2 ^ - 0.0000069 sis2 2j^) d 

«qt»ls 2.67, and dfttta e^ual to mean ce« level indicates a Bouguer aocsaaly 

of »26«2 oilligals at Aitidn, and -29*8 nilligals at Crosbr* An error of 

aiesure of about I adlligals between ths tvo psnduliai stations was noted* 

Sis- Grand Rapids station is probably the aore aeourats t the work being 

dons in 1940, whereas the Brainard station was established in 1913* Ths 

tie between Adsms* work and Grand SUpids station is less than one ^illi- 

jal, well within the probable error of pendulxa sseastireiasnts 

Tslues on ths Botigusr gravity nap are reduced to tie to the work cota- 

pleted by Adaas and ^hoil«

Slerations

Blegations obtained witfe an altimeter oust be oorreoted for -varia 

tions ia atiKospherie pressure and air te»perature# A recording dlerobaro* 

graph and thersx>graph are used at a base station and pressure fluctuations

are assuned constant over the given area* ths air temperature is noted at 

each station.

16



The altimeter elevations are first corrected for variations 

in atmospheric pressure as indicated by the microbarograph 

record. A change in pressure of 1/1000 inch of mercury results 

in an apparent change in elevation of approximately one foot. 

By comparing the corrected elevations of a base station that 

has been re-occupied during the day, the altimeter drift curve 

can be determined and a drift correction applied.

A correction allowing for the variation in the weight of 

a column of air between stations of different elevation and 

temperature is made. If air were a true gas, its density would 

be inversely proportional to the absolute temperature. The 

altimeter, like most aneroid barometers, is calibrated for 50 

degrees F or 510 degrees absolute. Therefore, a one degree 

change in temperature should cause a change in density, and 

pressure, of 1/511 or 0.1961 per cent. Actually the rate of 

change is 0.2039 per cent for each degree above or below 50 

degrees F. The correction can be approximated by taking the 

sum of the station and base temperature and applying a plus or 

minus correction of 0.1 per cent of the difference in elevation 

for each degree that this sum is above or below 100 degrees F.

The corrected difference in elevation between the station 

and the base is added algebraically to the known base elevation 

to give the corrected station elevation. «

17



OF GSAVX1T OAta

In aoasidariog tine interpretation of the Bougaer gravity &»p» it

be renembered that, with the station spacing used and the precision 

of the survey, only the ass 3 or structure.! features will be outiiasd. Hi* 

ra»obabl9 error 0f th« station values la greater, than tii« aaomali«ii that 

minor fttrwrturftt would product,

Tb* gre*t*tt problam In tnt«rpr»tation is th« la ok of daneity lnfor» 

. nation* For reduction of data a d of 2*37 wit aasusad* This would aeaci 

to b* ft aatia factory ohoio* a» th*re appears to b» no cwnaiatent relation 

b»twwr! gr«Ti^* and topography*. Ih0 bedrock axirfaoa is believed to be 

fairly unifom aud should not givo ri«e to any anosaalie*. It would be 

almost lapo**ifel* to ac*ipn an ewr*g« denaity to az^r riven fomatian on 

th« Ct^uoft Hang9 bcociua« of stay faoiea ehausgaav ^°^S^ th* slates and 

th* schists may bs> an sototption to thia* As a result any theoretical 

cross sections and calculations are wry hypoti^tioal. Tha oaly solution 

to this problem would be ft detailed, but tiae~oonaumn£ t study of all 

existing drill hole inforstfttlon*

Spe«iflo gravity determinations of drill acre samples from northern 

Crow Wing ootmty ha-pe been laftde b;, the Oliver Iron ilinij^ DiTision witfi

followini; results i (Ralph Marsden and Richard Strong, oral
communic at ion) 

»o* of 
Dssorlption Saaplos Range

Haixgiag
Slate 10 2.08-2.78 2*44 
Upper iron formation 30 2*35-3,22 2.71 
Ormywaoke 28 2.22-2.71 2.B2

18



of
Avg

Hain Iron
JerragintttM efeerV " 3 S«66»2*70 2*67 
Ifeia be44»4 1* f * 4 5.18-5.60 5*32

fbatvmU
31»ty tended q\mrttite 29 3.35.2.77 2*56 
Variegated alat» 4 2.34-2.83 2.61

9 2.61-2,73 2.64 
* fi.a4-a.8e 2.85 
4 2.41-2*63 2.60

the deearlptioaa of the loeationa wh«re theee 8aaple« uore taken 

not armilabla* Thie author bellaT»« that, If mor« canplaa mtro taloen of 

the hmngiog wall slate ̂  a hi^her aroragi dimity would be found* throe 

of th« 10 tansplw ha4 a *p«olflo grarlt^ of great»r than 2,7.

!B» grarrity pi attire o-wr th« aotl-rw portion of th* fiforth Ranga la of 

iaportezot aa tfeo ctoiaesr 1* fairly well known, and rolationa that hold 

her* oan ba uaad to eatplaln anenaliac in adjaoant areaa. Tho station den- 

aitjr ia not grvat tnoufh to aota th* aaall«r folds* bat only tho major

 truoiorea* tt ia ootad that broad poaitiva gravity anonaliea are aaso-

 iatad with tynalinal atrtiotur«a wMla aharper poaitiTo ancB»li«a are aaao* 

clatad with tdie ttaaply dipping flanks of a  trtaatura and areaa of tight 

folding* Antiolinaa §« & to produce n» gat ire aooamliaa «a the lower den-

aiiy quartsltaa aod iGhialai are bro^cht zaMtrer tbe atarfaoe and a portion  > 
09 all of Ute danae iron formation la removed 67 eroaloa* Xhia ia illu*- 

tratad ia seetione 6t 7t aisi 17t T.46». « R*2&tf« A ay noli r» exposing the 

Loeer Slaty and Lover Cherty awobera trendu aottthneaterl^ froa Mahncaen 

Laft» with quarts ita expoae* at t>,e eroalon surfaoe on *ach flank* Gravity 

relief of two alllljala ia seen between the poet tiro anooalr over the axis 

of 1tie tynollne and the gravity low* orar the adjacent anticlines.

19



The positive gravity anomaly in the Rabbit Lake area is again 

associated with a synclinal structure. The anomaly is sharper 

and of greater magnitude than noted elsewhere because of tight 

folding, within the structure.

The contact between the Virginia formation and the Biwabik 

iron formation has been mapped (Grant and Wolff, 1955, pi 1) at 

the north edge of Crosby striking northeast. A low magnitude 

positive anomaly follows the contact towards Rabbit Lake. The 

negative gravity anomaly through Serpent Lake to the immediate 

south could result from monoclinal folding of the iron formation 

under the slates if Grout's concept of the structure is assumed. 

However, if Schmidt's geologic section is correct, this is an 

anticlinal area and a negative anomaly is expected. In order to 

substantiate either structure, detailed traverses across the 

area are needed to determine the magnitude of the anomaly and 

the gradients.

The main gravity feature is a narrow positive anomaly ex 

tending from a broad positive anomaly south of Brainerd north 

eastward through Aitkin and extending eastward for an undeter 

mined distance. The axis of the high is centered between the 

South Range and the iron formation at Bay Lake. Again two 

interpretations are possible, one based on the geology as seen 

by Grout and the other based on Schmidt's geologic section.

This gravity feature and geological evidence presented by 

Grout would suggest a syncline where the Virginia slates, less 

dense than the Biwabik but denser than the underlying Pokegama, 

lie in a basin of thinning Biwabik iron formation. The second 

order anomalies are due to folding within the syncline. South 

east of Brainerd the positive anomaly divides into two highs 

separated by a shallow negative anomaly. This suggests a rather

20



prononneed ant! oil at within th* Bynolinal structure. Th« offset of the 

positive sjBoasly through eeation 1^ T»44H* « &*£1W, to the sooth of th* 

geologically napped syaoline of ifee Smith Range iron formation 10 caused 

by the steep aoutfa dip of the axial pi mm of the syttellns* A seooad high. 

atriklog southwest through teetion 31, T»4 B« * £«29W, shows evideaee that 

It oay, «outh of the nap ar«a v avloc eaat»arti through central ttllle 

td partly  nelot* the large negatl-w anooaly north of tfllle Laoa.

th* ancttaly aouth of the South Range ean be duplicated with 

tiooa baaad on SofamidtU ^iologle eeetioxu Aceming the Bbrth and 

Bunge are the tea* itratigraphlo horijon, aa antioliml structure ia 

preaent between Hie Horth aod South ^aagee with the iron formation removed 

fey ereaion lea-ring slate* aod ailtetonae at the eroaioa eurfaee* the 

Sooth Stage and the iron formation at Bey Lake are the nortJu and aonth 

limbe of a eyaollm oontairdng a seotion of dense femtginoue slates which 

{I've riae to the anomaly, the rather pronoanced grarilgr low whioh is ox- 

peeted north of the South &inge is not indicated but the formation here 

aay be deoaer than «cpe0ted«

the) large negatiYe anoesaly north of Mille Laos aay result fro« as 

antielinal atrwrftctre and is possibly related to sa aoidie intmaivw.

there is little geologie oTidonoe to support the latter idea* Ihe nega-
 >, 

tivw anoaaly oaa be duplicated by a theoretical soldi* intrusive mass

about 200 feet below the) surfsee, 15tOOO feet tJiiok, and roughly oireul&r 

with a diameter of 19,000 feet* A density oo&traat of 0.15 is aasuaed*

Iron fonaatLon, soaewhat similar to that of the Hbrth Range found in 

section 19, 20, and 30, ?»46M«   H»2W» associated with a quart*ite, may 

be the south liab of the stiggested anticline. Although this quartzite
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docs not resemble the Dam Lake quartzite, Harder and Johnston 

suggested a quartzite, stratigraphlcally lower than the iron 

formation may run from Dam Lake to near Bay Lake (Harder and 

Johnston, 1918). The iron formation is probably cut off to 

the east and to the south under Mille Lacs by intrusives. 

There is a second order negative anomaly associated with the 

quartzite which outcrops at Dam Lake. The positive anomaly 

south of Dam Lake is probably associated with basic intrusives. 

Additional gravity coverage is needed east of this region.

North of the Mississippi River the gravity picture is less 

interesting. The contouring of the broad positive anomaly about 

10 miles east of Emily is questionable because of the few 

gravity stations established in the area. A thick section of 

ferruginous slates could produce the anomaly. The contact of 

the iron formation and the slate is believed to strike south 

through this area in a series of folds and then to swing north 

eastward towards Pallisade towards the gravity high mapped in 

T.49N. - R.25W.

Between Crosby and Emily the gravity trends generally 

follow the iron formation. Gravity work north and east of 

Emily would be of interest as geological maps indicate folding 

of the iron formation similar to that on the Cuyuna Range.

North of Pelican Lake, T.137N. - R.28W., there is a pro 

nounced positive gravity anomaly, probably caused by a dolomite 

8tratigraphically lower than the iron formation. A negative 

anomaly begins north of this positive anomaly over what may be 

a granite area. Since only one traverse was made to Pelican 

Lake, the trends could not be contoured.
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Interpretation of Magnetic Data

The Geological Survey has available aeromagnetic maps 

covering the portion of Crow Wing County included in this gravity 

survey. A comparison of the gravity and magnetic anomalies 

helps substantiate the gravity interpretation.

The magnetic picture over the active portion of the Cuyuna 

Range is not too clear because of the one mile spacing of the 

flight lines and because of the complex structure of the area. 

Areas of enriched ore* may be less magnetic than fresh iron for 

mation as a result of oxidation. Facies changes often make it 

impossible to trace some magnetic members more than a few miles.

A narrow, high magnitude, positive magnetic anomaly is 

associated with the South Range member. South of Brainerd the 

anomaly divides into two parallel positive anomalies where the 

syncline containing the South Range member apparently broadens. 

A positive magnetic anomaly occurs to the north of the iron 

formation found at Bay Lake. This offset is expected if the 

iron formation dips northwest as the south limb of a syncline. 

Also Grout believes that this iron formation may represent the 

lower part of the Lower Slaty member of the Biwablk (Grout and 

Wolff, 1955, p 88). If this is correct, magnetic beds strati- 

graphically higher would occur further north. The magnetic 

expression of this iron formation can be traced about six miles.

A rather broad positive magnetic anomaly extends from T.43N.- 

R.29W. through T.44N. - R.28W. and probably through the negative 

gravity anomaly north of Mille Lacs. A portion of the magnetic 

anomaly is due to intrusives north of Mille Lacs, but to the 

west it is difficult to explain as it does not correlate with 

gravity trends, although it does correspond roughly to an area 

of gneiss mapped by Woyski (1949, pi 1).
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A narrow positive anomaly closely follows the Mississippi 

River north of Brainerd. Although no gravity anomaly was noted 

in this area, the author feels that a gravity survey of higher 

accuracy would reveal a low magnitude anomaly. Geological 

indications imply a western extension of the iron formation from 

the active portion of the range.
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COSCLIBXOfB

following ooacluaions ware drawn from the results of this inves 

tigation!

1* The South Rang* is associated with a synoliral structure either a* a 

stratigrBphioally higher iron format ion in an elongated trough of 

Biwabik iron formation or. aacuaiag orm iron forsation, a« the north 

limb of a iynolina, the aouth liab being r«pret«ntod by the iron 

formtion at 

2. The QBgative gravity anomaly north of Mille taea is -the raeult of a

granitio intant«iT»,

S* % gravity anomaly is noted between the Horth Bange and Bralnerd al 

though aagnetie data and geological consideration suggest a westward 

extension of the Horth Hange iron formation.

4. Qrarity provides an excellent snaoe of prospecting, both on a regional 

and local scale on the Ctigruim Range.
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